To determine if deoxynivalenol (DON) is concen-
iting, and reproductive problems in animals (2) . DON is most often associated with cool and wet environmental conditions where Fusarium tends to thrive.
The U.S. Food and Drug Administration (FDA) currently has the following DON advisory limits: (1) 1 ppm on consumer-ready wheat products such as flour and bran; (2) 10 ppm on grains destined for ruminating beef and feedlot cattle over 4 months of age, swine, and chickens; and (3) 5 ppm on grain and grain products for all other animals (3). Advisory limits were established by FDA as guidelines for industry to use as a standard in the management and reduction of DON contamination in grain and grain products and does not automatically mean FDA will take regulatory action if limits are exceeded. Because of the FDA advisory limit, grain producers and processors test grains for DON to determine if levels are less than the FDA advisory limits. The federal Grain Inspection Packers and Stockyard Administration (GIPSA) of the U.S. Department of Agriculture (USDA) provides official DON testing programs for grain producers and processors.
The test procedure used to measure DON in small grains is similar to that used to measure other mycotoxins in other grains. The test procedure consists of 3 steps. First is the sampling step where a random sample (test sample) is taken from the lot. Second is the sample preparation step, where the entire test sample is comminuted in a mill or grinder and a subsample is removed from the comminuted test sample. Grinding and subsampling are collectively called the sample preparation step. Third is the analytical step, where DON in the subsample is solvent extracted, purified, and quantified.
The variability associated with each of the 3 steps contributes to the total variability associated with the DON test procedure and makes it difficult to estimate the true DON concentration of a bulk lot with a high degree of confidence (4-6). As a result, it is difficult to accurately classify lots into categories required by management strategies and regulatory activities. If the variability of the DON test procedure can be reduced, the lot concentration can be estimated with more confidence and, as a result, producers and processors will suffer smaller economic losses due to fewer lots being misclassified by the testing program. Sampling variability, especially for small sample sizes, is usually the largest source of error associated with the mycotoxin test procedure (7) (8) (9) . Sampling variability is usually large because of the nature of the mycotoxin distribution among contaminated seed in the lot. If DON is similar to aflatoxin, a small percentage of the seeds are contaminated and the concentration among contaminated seed can vary up to extremely high levels (10) . As a result, sampling error is due in part to the "needle-in-the-haystack" problem. Mycotoxin contamination is usually associated with the poor grade fractions of an agricultural commodity (11) (12) (13) . For example, peanut seeds damaged from insects and mold have the highest levels of contamination, while large good-quality peanut seeds have the lowest levels of contamination (11) . Studies showed that measuring aflatoxin in the poor-quality peanut grade fraction could be used to estimate the aflatoxin in the entire bulk lot (11) . Similarly, small broken pieces of shelled corn or "fines" appear to have higher mycotoxin levels than whole good-quality shelled com (13) .
If DON is concentrated in the corn fines (as aflatoxin is in damaged peanuts and corn), then it might be possible to measure DON in the fines component and use that estimate to predict the DON in the entire bulk lot and overcome the variability associated with the "needle-in-the-haystack" problem. The objectives of this study were to (1) determine if DON is concentrated in the corn fines, and (2) determine if a functional relationship can be developed to predict DON in the entire bulk lot or barge by measuring DON in the corn fines.
Experimental
Ten commercial barges of shelled corn were identified for sampling. Using USDA/GIPSA sample selection methods (14), incremental portions were taken from the barge using grain probes and pooled to form a bulk sample of approximately 20 kg for each barge or lot. Each 20 kg bulk sample, representing a lot or barge, was to be subdivided into 16 test samples of about 1.0 kg each. Each 1.0 kg test sample was screened using a 5 mm screen to divide the test sample into a "clean" component sample (rode the 5 mm screen) and into a "fines" component sample (passed through the 5 mm screen).
Each clean and fines component sample was weighed, placed in paper bags, identified by type component (clean or A 2 mL aliquot of the purified extract was evaporated to dryness, the residue was dissolved in 0.5 mL mobile phase (water-acetonitrile-methanol, 90 + 5 + 5), and mixed thoroughly; 100 (aL was injected for quantitication using a flow rate of 1 mL/min. The limit of detection at 220 nm was 0.2 mg. The sensitivity of the method was 100 ng/g. The entire contents of the fines component sample was solvent-extracted for DON due to small sample mass. The DON mass and DON concentration of the test sample were computed by using a mass balance of the DON concentrations associated with the fines and clean component samples. The DON concentration on the test sample was calculated by summing the DON masses (ng) by the sum of the fines and clean sample masses (g). The average DON concentration among the test samples was used as an estimate of the true DON concentration in the barge.
Results and Discussion
Because the size of the bulk sample varied slightly about the targeted size of 20 kg, the number of replicated test samples varied among the 10 barges. (2) with a correlation coefficient of 0.98. Because the intercept term was not significantly different from zero, regression Equation 2 was forced through the zero intercept. The standard error of estimate for the slope coefficient was 0.02. Regression Equation 2 is plotted in Figure 2 
Results of Equations 1 and 2 are specific for a 5 mm screen. The regression coefficients in Equation 2 will be different if screen sizes other than 5 mm are used to separate out the fines. Size of the test sample to be screened should not affect the regression coefficient in Equations 1 or 2 because DON values are expressed as a concentration (ng/g). Larger test sample sizes are more desirable because the variability among sample test results decreases as sample size increases. Estimates of the lot DON concentration in the barge will be more precise when fines are screened from a larger test sample. The variability associated with measuring DON hi the fines component sample must be determined so that variation associated with estimating the barge DON concentration (Equation 2) can be determined and efficient sampling plans can be designed.
The mean and variance among the fines component sample DON values, for each barge, are shown in a full-log plot in Figure 3 . Based upon past studies with aflatoxin (7-9), a power function of the form V = a x Db An example of how to use Equations 2 and 7 is given below for a 1.13 kg test sample. Using the GIPSA sample selection procedures, a 1.13 kg test sample is taken from a lot of shelled corn. The test sample is screened with a 5 mm screen to obtain a fines component sample. The DON in the fines component sample, D(F), is determined to be 2785.5 ng/g. Using Equation 2, the DON in the barge lot is estimated to be 1000 ng/g. From Equation 7, the variance associated with the DON estimate in the barge is 126 553.3. The standard deviation or the square root of V(L) is 355.7. Assuming a normal distribution, DON estimates in the barge should vary from a low of 302.7 ng/g (1000 -(1.96 x 355.7)) to a high of 1697.3 ng/g (1000 + (1.96 x 355.7)) 95% of the time. The effect of increasing the test sample size from 1 to 20 kg on improving the precision of the estimate of the true DON concentration in the barge is shown in Table 3 . Table 3 also shows the coefficient of variation (CV) associated with the estimate of the D(L). CV, is defined as the square root of the variance, V(L), divided by the DON concentration, D(L). The CV is another measure of variability where the standard deviation is converted to a relative measure of variability (relative to the barge concentration). CV when multiplied by 100, converts the CV from a decimal to a percent. The CV associated with estimating D(L) when a 1.13 kg test sample is used is plotted versus a range of lot DON concentrations in Figure 4 . The CV associated with sampling a barge lot with a true DON concentration of 1000 ng/g using a 1.13 kg test sample and a 5 mm screen is about 35.6%.
Conclusions
DON appears to be more concentrated in the small corn fraction called the fines (passed through the 5 mm screen) than in larger corn fraction (rode the 5 mm screen) called clean corn. Using regression techniques, the correlation between DON in the fines and DON in the entire lot was determined. The DON concentration in the fines component sample was about 3 times the DON concentration in the clean component sample and averaged 689.0 and 206.1 ng/g, respectively. The CV associated with predicting the DON concentration in a lot with 1000 ng/g using a 1.13 kg test sample was 35.6%. Screening fines from larger test samples will reduce variability or increase the precision associated with estimating the true DON concentration in the lot. Using larger test sample sizes will reduce variability and the number of barges misclassified into categories based on DON concentration. Future studies will be conducted using variability estimates from this study to predict the false positives and false negatives associated with sampling plans that measure DON in fines to predict the DON concentration in a bulk lot.
